signs can worsen over several weeks, and animals may progress to a comatose or semicomatose state. 1, 2 Diffuse spongy degeneration and glial cell hypertrophy within the white matter along with vacuolization of the optic nerve are characteristic postmortem microscopic findings. 4, 5 In October 2012, a male juvenile raccoon (Procyon lotor) was submitted to the California Animal Health and Food Safety Laboratory (CAHFS; Davis, California) for postmortem examination. The raccoon received subcutaneous fluids, oral corn syrup, and external warming after arriving hypothermic, semiconscious, and nonresponsive at a wildlife care center in San Rafael, California. The raccoon died shortly thereafter. Turquoise, granular fecal material was noted in the cage by the care center staff upon death.
At necropsy, the raccoon was in good flesh, previously frozen, and in fair postmortem condition upon thawing. There was light froth in the trachea and bronchi, and lungs were mottled dark pink-purple. Liver, kidneys, bladder, heart, spleen, thymus, brain, nasal passage, esophagus, and pancreas were grossly unremarkable. The stomach was filled with turquoise granular ingesta, and the colon was impacted with very firm, dry turquoise-colored feces ( Fig. 1 ). No hemorrhage was evident in the carcass. No significant microscopic changes were seen on examination of select 5-µm tissue sections stained with hematoxylin and eosin, including brain, heart, trachea, lymph node, lungs, tonsils, kidneys, adrenal glands, thymus, spleen, liver, testes, stomach, intestines, pancreas, skeletal muscle, and peripheral nerves. Miscellaneous findings on microscopic examination were dense eosinophils in bronchial adventitia with few luminal neutrophils. There was mild vacuolar change in the white matter of the brain.
Selected pieces of formalin-fixed cerebellum were postfixed in 2.0% glutaraldehyde and then routinely processed and embedded in epoxy resin a ; selected thick sections were stained with toluidine blue. Ultrathin sections from selected white matter regions were examined using a transmission electron microscope. b Multifocal myelin splitting was seen in myelin sheaths in thin tissue section electron microscopy.
Portions of brain, liver, kidney, mesenteric fat, perirenal fat, and stomach content were submitted for toxicological testing. Although hemorrhages were not seen on gross or microscopic examinations, liver and stomach content were screened for 7 anticoagulants by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/ MS). 11 The compounds tested included first-generation anticoagulant rodenticides, warfarin, diphacinone, chlorophacinone, and coumachlor, as well as second-generation anticoagulant rodenticides, brodifacoum, bromadiolone, and difethialone. None of the listed anticoagulant rodenticides were detected in the liver or stomach content.
The unique turquoise coloring of the stomach contents was suggestive of the dyes used in other non-anticoagulant rodenticides, commercial fertilizers, and pesticides. Therefore, the stomach content was tested for bromethalin, strychnine, 4-aminopyridine, starlicide, and minerals that may suggest ingestion of fertilizer. Strychnine, 4-aminopyridine, and starlicide were not detected in the stomach content, and the concentrations of potassium and sodium (2,200 mg/kg wet weight [ww] and 1,400 mg/kg ww, respectively) were not consistent with those found in most fertilizers. Ocular fluid was analyzed for sodium, potassium, phosphorus, calcium, and magnesium, and all minerals were found within safe limits. Desmethylbromethalin was detected in the stomach content. Subsequently, brain, liver, kidney, mesenteric adipose, and perirenal adipose were also tested for desmethylbromethalin.
Briefly, 1-g aliquots of each tissue were extracted by homogenization with 5% ethanol in ethyl acetate. The extracts were evaporated under nitrogen, exchanged into 0.5 ml of methanol, and then analyzed by HPLC-MS/MS c,d using electrospray ionization. A 2.1 × 100 mm, 1.8-µm HPLC column e was used with a binary gradient consisting of 0.1% formic acid in water and 0.1% formic acid in methanol. Fullscan MS/MS of precursor ions at m/z 562 and 564 was used to identify desmethylbromethalin. Spectra and retention times of tissue analysis were compared with those obtained via analysis of a certified desmethylbromethalin standard f and with analysis of extracts of control samples (bovine adipose tissue) fortified with this standard. The limit of detection for this analysis was 0.050 µg/g (ww) for each of the tissue types. Desmethylbromethalin was detected in the mesenteric and perirenal adipose tissue but not in brain, liver, or kidney. Extracts of mesenteric and perirenal adipose tissue samples were also later analyzed using selective reaction monitoring MS/MS. g,h The HPLC column used was a 2.1 × 100 mm, 1.8-µm column. i Mobile phases consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, and gradient elution was utilized. Precursor/product ion transitions of m/z 562/278 and 562/254 with collision energies of 25 and 35 V, respectively, were used for desmethylbromethalin detection. The limit of detection was 0.001 µg/g (1 ng/g; ww), and both of the adipose tissue samples were again positive for desmethylbromethalin using this method. Full quantification of desmethylbromethalin in the positive specimens was not performed. Development of an HPLC-MS/MS analysis for bromethalin was also attempted on both instrument types. Analysis of certified bromethalin standard material j gave no signal consistent with the molecular structure of this compound on either instrument, likely due to poor ionization by the electrospray process. This information indicates that bromethalin is not amenable to analysis by electrospray HPLC-MS/MS and that a different analytical technique would be required for its detection.
Based on the postmortem finding, histology, and toxicological findings, a diagnosis of bromethalin toxicosis was confirmed in this raccoon. In acute, single-feeding studies of dogs, detection of bromethalin was documented in kidney, liver, adipose, and brain 15-63 hr after ingestion. 4 In the present case, desmethylbromethalin, not bromethalin, was detected in the adipose and stomach contents. The inability to detect bromethalin in the various tissues may be due to the rapid and efficient metabolism of bromethalin to desmethylbromethalin by cytochrome P450 N-demethylation in the liver, 1 the fact that the applied HPLC-MS/MS analysis for bromethalin did not allow for its detection, or because of lack of sensitivity of the method. In fact, in a plasma radiocarbon study in rats, 100% of the circulating radioactivity after injection of a single dose of bromethalin was due to desmethylbromethalin, confirming that bromethalin is rapidly metabolized. 13 Desmethylbromethalin is a lipophilic substance, and thus, may have been preferentially concentrated in adipose tissue in this raccoon. In the past 10 years, it was shown that P450 isoforms, specifically CYP1A1, CYP1B1, and CYP2B1, are present and functional in mammalian adipose tissue. 7, 14 Thus, it is also possible that the highly lipophilic compound bromethalin is distributed to and accumulates in adipose tissue where it is subsequently metabolized by adipose P450 to desmethylbromethalin.
It must be emphasized, from a veterinary diagnostic perspective, that desmethylbromethalin was not detected in liver, kidney, and brain, but in adipose tissue. Other studies have also shown that, following intoxication, the highest concentrations of desmethylbromethalin are found in adipose tissue. 4 The utilized HPLC-MS/MS method provides detection of desmethylbromethalin down to 0.001 µg/g (1 ng/g), which is considered a limit of detection of excellent diagnostic use as most animals poisoned by bromethalin will likely have desmethylbromethalin concentrations higher than 0.001 µg/g (1 ng/g) present in adipose tissue. The finding of desmethylbromethalin in adipose tissue has significant implications for diagnosticians, veterinarians, and wildlife personnel. In cases in which the cause of death is suspected to be from bromethalin toxicosis or is unknown, adipose tissue should be collected as it represents the tissue sample of greatest diagnostic use for toxicological testing to identify the metabolite desmethylbromethalin.
Light microscopic and ultrastructural findings in the current case were very mild as compared to those described in previous studies. 4, 5 The mild vacuolization in the white matter of the brain, evident on light microscopic examination, could have been attributed to either bromethalin intoxication or to autolysis. Moreover, myelin splitting demonstrated by transmission electron microscopy could not distinguish ultrastructural changes associated with bromethalin intoxication in contrast to autolysis, indicating light and ultrastructural changes cannot be used to confirm or rule out poisoning with bromethalin.
It is currently more common to find reports of anticoagulant rodenticide exposure in wildlife associated with exposure to compounds such as brodifacoum, bromadiolone, or diphacinone ( Henceforth, the incidence of domestic and wildlife intoxication with faster-acting rodenticides such as bromethalin, strychnine, and zinc phosphide is likely to increase. 6 In fact, the American Society for the Prevention of Cruelty to Animals Animal Poison Control Center has documented an increase in reports from bromethalin-based rodenticides. 9 In addition, primary nontarget intoxication of raccoons may be underreported because this species is typically seen as pests and subsequent necropsy of deceased individuals is not pursued by local residents or animal control officers. Although the risk of secondary poisoning is low, the potential still exists (Jackson WB, Spaulding SR, Van Lier RBL, Dreikorn BA: 1982, Bromethalin-a promising new rodenticide. In: Proceedings of the Tenth Vertebrate Pest Conference, ed. Marsh RE, pp. 10-16, Monterey, CA). To the authors' knowledge, no studies have been published regarding the LD 50 in specific wildlife species such as the raccoon. Working more closely with wildlife care centers will enable better assessment of primary and secondary nontarget exposure and/or intoxication of wildlife to non-anticoagulant rodenticides such as bromethalin.
In cases of wildlife species with unknown deaths or inconsistent clinical signs with normal histological findings, bromethalin toxicosis should be considered as a differential. In addition, adipose tissue (mesenteric or perirenal) is the tissue of choice and can be easily harvested from a live or deceased animal for toxicological bromethalin testing.
